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SUMMARY 338 /7

This paper describes the results of radar lbcation of Venus
during 1964 as the continuation of previous similar observations in
‘196l’and 1962, It is found that the energy of refleéted signals decrea-
ses more rapidly with tke increase of the incidence angle than was
observed in 1962. A joint consideration of the resﬁlts of determination
of Venus' rotation period in 1962 and 1964 shows that the orientation

of the rotatiorn axis is nearly perpendicular relative to Venus' orbit

plane. V1)

* *

Radarv observations of Venus were contiiued during 1964 by the
Inrtitute of Radio Fngineerings and ©lectronics jointly with a series
of other orvrnizations from 11 to 30 June. Measurements were conducted
with the aid of the same installstion as in 1961 [1] and 1962 [2]
in 40 cuw. A paramagmetic and parametric amplifiers were utilized at
input. Signal analysis was made from a ma:znetic tape of a 20-channel
analyzer, The filter bandwidth of each channel, converted to received
signal, constituted 1.2 cps. |

. Two forms of modulation of the emitted signal were mainly used:
a frequency manipulation and a periodical linear frequency modulation.

similarly to what was®done in 1962 [2, 3].




The emitted signal had at frequency keying the form of alterna-
ting telegraphic dispatches in two frequencies, differing either by
62.5 or 2000 cps. The duration of dispatches and pauses constitutes 4,096
seconds in each frequency. This form of modulation was applied for the
study of the spectrum of reflected signals and for the measurement of
radial velocities of Venus' motion, which was determined by the Doppler
shift of the central frequency of signal's spectrum relative to the
emission fregquency.

The lineaf frequency modulation was applied for the study of
the law of rediowave reflection from the surface and for the measurement
of the distance to Venus. The frequency of emitted oscillations varied
in a saw-toothed manner [3]; three regimes were then utilized : 4 kc/s
deviation with a 1.024 sec.period (as in 1962), 32 kc deviation with
period of 8.192 sec and a 32 kc deviation with a period of 1.024 sec.

A deviation increase by a factor of 8 allowed to increase the precision
of measurement of the distance and the resolving power for the study

of the law of reflection from surface by the same factor. it reception

the heterodyne frecuency varied also accordins to saw-tooth law, but with
a lag for the computed time of signal propagation to planet and return.

If the computed lag corresponded exactly to the real time of signal pro-
pagation to planet and back, the signal frequency at received output was
nominal. The correction to comouted lag time was found by signal frequency
deflection from nominal value.

The results of messurement of the distance to Venus and of radial
velocity of its motion are plotted in Fig.l. In Fig.l a we plotted the
difference Ar (km) between measured and computed values of the distance
from the point of measurement to the nearest point of Venus' surface;
the distance Av, (em/sec) between the measured and the calculated value
of radial velocity of reflection center on Venus relative to the point
of measurement is plotted in Fig.16 . The root-mean square errors of
measurec values are shown by vertical segments,

Yhen measuring the distance the root-mean square instrumental
error for a single 5—fninute session did not exceed 15kmto 23 June
with 4 kc deviation ard” 2 kmafter 23 June (with 32 kc deviation; the




error in the measurement of velocity did not exceed 2,5 cm/sec.
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Fig.l. - Measurement oi the distance to

Venus (a) and of radial velocity of its

motion (§) relative to the calculated
value, June 1964

In the calculations of the time of signal vropagation and Doppler
frequency shift the following was assumed : astronomical ungi‘.t- 149 598 000
km, speed of light - 299792,5kn/sec, radius of Venus — 6 100km, The
time of signsl propagation was computed with a precision to *5 sec, the
Doppler frecuency — to * 0,05c¢cvs. The calculation of planet's coordinates
was mede on the basis of the Newcomb analytical theory, taking into
account the corrections for Venus' orbit elements according to "Dankoa' *
data and the corrections for orbit elements of the system Earth-Moon
according to Morgan data. Moreover, the adaitional shift of Venus' center
elong its orbit in the direction of motion by 250 km was also taken into
account in the calculations, The displacement was determined in 1962 [2]
and was estimated to be 270 km, which is equivalent to the increase of
Venus' heliocentrical longitude by +0.52 sec. The smooth curves 1 of
Figs., la and 1§ correspond to this shift, If the introduced correction
for the shift were in reality absent, the experimental points ought to
be laying on the plane curves 2, The dashed lines of Fig.la indiceate
how the quantity Ar would have to vary if the true value of the astro-
nomical unit were equal “to 149 598100 and 149 597 900 km.

* in transliteration



According to these measurements the value of the astronomical unit is
149 598 000 km; at the same time if we take into account the possible
systematic errors, the maximum error could be +40O km.
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Fi~, 2., Di-tribution by distance of the energy of

reflected signals from Venus., - & - obtained at 1li-

near frecuency modulation with 4 ke deviation (o= 00025

for narrow filters and o¢=10004 for wide filters);

6 — obtained with 32 kc¢ deviation.

’he root-mean-square values of systematic errors in the initial
data are estimated by the following quantities when converting to astro-
nomical urit : speed of light 70km; Venus' radius 40kmj; heliocentrical
coordinates of Venus and Earth 100kms influence of the medium in which
the signal propagates 1O0km; determination of the lag in the apparatus
5km. The total root-mean-sguare error is equal to 130km.

The distributior of energy of Venus-reflected signals as a Iunction
of distance AR relative to the portion of gurface nearest the Earth is
plotted in Fig, 2. The distribution in Fig, 2a has been obtained after
2?7 sessions with linear frequency modulation at 4 kc deviation and period
of 1.02ksec. The first 11 columns represent the energy of the signals
reflected by annular zones of the surface of 45 km depth, the remaining
- by depth of 150 km, The distribution in Fig.2 0 wae obtained after 20
sessions at 32 kc deviation with 1.024 sec. period. Its application allowed

a more detailed invéstigation of the law of reflection from the forward



portion of surface and to obtain the energy from annular zones by 5.5 km

in depth. The energy of the reflected signals P was found from these data

as a function of the incidence angle ¥ (Fig. 3, curve 1). For comparison,

the curve 2 indicates in the same drawing the analogous dependence obtained

during the 1962 measurements.

Conmparison of the results shows
that in 1964 the enercy of the reflected
sirnals decreases more repidly with tre
increasre of the incidence ancle ¥ than
wae observed in 1962, This, aprere: tly,
may be explained by the fact, that during
the 196L radar locstion Venus w:c turned
at the Earth by its smoéther sice,

The width of the Doprler snectrum
of the reflected signal, conditicned G
Venus' rotation, does not exceed 15cps.
The reflection factor of Venus [3],
measured according to the total ener-v
of the reflected signal, is, as 2n
average, egual to 19%. The enerry in

the central band of 1 cps is avyroxima-
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¥ige 3.~ Dependernce of the
energy of reflected signals
P on the angle of incidence <.

tely twice smaller than the enersy of the whole spectrum,

Spectra of separate days of observations were utilized for the

determination of the rotatior period of Venus, To that eifect they were

corpared witl. the calculated spectra for various rotation periods from

the lev of ener;yv distribution represented in Fir, 2. The results obtained

in 196L are not in contradiction with the retrograde rotation of Venus

with a period od 200 - 300 davs, arrived at from radar obrcervations of
Venus, conducted in 1962 [2]. - The experimental results of 1962 [3] (a)

and 1964 (b) are shown in Fig, 4., All these results agree well and cor-

recspond best of all to retrograde rotation of Venus with a period of

230 * 25 days.

The joint consideration of the results of determination of the

rotation period in 1962 and 1964 shows, that the orientation of the



rotation axis of Venus is near to the perpendicular relative to its orbit

plane, Hoows 1966
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Fig. 4. - Determination of the period of Venus' rotation
according to the rerult of radar location in 1962 (a)
and 1964 (b). Q is the ansular velocity of Venus' ro-
tation relstive to locator. The dashed lines indicate
t-o co' "uted valuee of R for a direct rotation of Venus
and tc solid lines — for the retrograde rotation.

The authors are indebted to G. A, Zhurkina, B, A. Stepanov and
ard G. A, Sytsko, having partici.ated in the preparation and carrying

)

out the measurerents.
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